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[Auk, Vol. 109 (1) a device that measures the charge separation induced when it moves through the earth's field (probable method of sharks); (2) permanent magnets that act like compass needles and produce a measurable torque as they align in the earth's field (probable method of bacteria); (3) superparamagnetic material that, in the presence of an external field, produces additional magnetism parallel to the external field (probable method of honeybees). Remanence (i.e. the permanent magnetism residing in ferromagnetic materials that is independent of existing external magnetic fields) found in birds may be related to their ability to sense external fields. ern Bobwhites, which were obtained from the Darlington Game Farm, E1 Reno, Oklahoma. We removed the head and neck of each bird with a glass-cutting tool, and washed each section thoroughly with a nonmagnetic detergent and deionized water to remove any possible contaminants. The mouth and nasal areas were flushed with a small pipette.
Magnetometry.--We used a SQUID magnetometer (SCT Superconducting Rock Magnetometer, Model A100, United Scientific Corporation, San Diego, California) to measure the NRM within the head and neck of each specimen, and Helmholtz sensing coils to measure the specimen's magnetism in three orthogonal directions (referred to as X, Y, and Z; see Fig. 1 ). An acrylic-plastic holding tube was used to insert and hold each specimen in the magnetometer's core (measuring area was at (PC). The magnetometer was calibrated with the plastic holding tube inserted. The tube was then retracted and the specimen oriented on the holding platform of the tube with the beak of the bird pointing toward 0 ø. Upon reinsertion, we recorded a magnetic reading for the specimen. The tube was emptied and inserted a third time to check the accuracy of the zero calibration. Specimens were retested if marked deviations from zero occurred.
All heads and necks were magnetically induced with a variable-intensity magnet (six-inch Electromagnetic system, Model V-3700 with a Mark II Fieldial Magnetic Field Regulator, Varion, Inc., Palo Alto, California). Each specimen was placed horizontally in the magnet with the left eye facing toward the north pole, then the magnet was activated for 10 s with the intensity of the magnetic field set at 1,500 x 10 -4 T (tesla; 1 tesla = 104 gauss = 104 electromagnetic units [e.m.u.]). The specimen was removed from the magnet and tested in the magnetometer to obtain a value for the isothermal-induced reinanent magnetization (IRM).
Twenty-eight specimens were remagnetized progressively with the field intensity set at 50, 75, 100, 150, 300, 600, 800, 1,000, 1,500 x 10 -4 T for 10 s.
Recorded values were used to construct a remagnetization curve. After each change in intensity, a new IRM value was obtained. Stronger fields up to 3,000 x 10 -4 T were used during initial stages of this study. Typically, saturation of the ferromagnetic material occurred at and above 1,500 x 10 4 T, producing little increase in reinanent magnetization. Therefore, a maximum field value of 1,500 x 10 4 T was used for subsequent tests.
Following the induction of magnetism, specimens were progressively demagnetized in an alternating field created by a specially designed copper coil consisting of a solenoid 22.6 cm long, 38.1 cm in diameter, and wound with about 2,000 turns of copper wire. The coil contained a tumbling mechanism that rotated the specimen at a 9-to-11 ratio simultaneously through We found considerable variation among the eight species in orientation of the NRM (Fig.  2) . Also, its orientation appears not to be directed precisely within species, as indicated by the variability found and the resulting low values of the precision parameter k (see Fig. 2 ). Overlapping confidence intervals indicate that there are no significant statistical differences in mean vector direction among these eight species (P > 0.05). Although the crossover point of the demagnetization-remagnetization curve can be helpful in estimating domain state, other factors such as grain size and the degree of clumping within the grains can influence the curve and its intersection point. Because little is known about biologically occurring magnetite and the factors that influence it, characteristics of the particles can only be inferred. The crossover point for the European Starling, Red-winged Blackbird, and the Brown-headed Cowbird occurred at approximately 50% (0.5) of the normalized average intensity (Fig. 3) , suggesting that the particles in these birds may be noninteracting single domain. While one House Sparrow (Fig. 3H) Because magnetism has been proposed as a navigational aid used by migrating birds, it is not clear why some nonmigratory birds have more naturally occurring magnetite then highly migratory birds. Possibly, magnetic perception also is helpful for movements more limited than those associated with long-range migra- [Auk, Vol. 109 usually aligns the IRM in the direction of the applied field (for our study, the field was oriented across specimen at a declination of 270ø). In the eight species evaluated in detail and in birds with more limited samples ("other species" in Appendix), the values of the declination are shifted on average +20 ø from the normal alignment of 270 ø . Undoubtedly, some variability was due to less than precise specimen placement in the magnetometer or in the magnet. However, if the error could be accounted for fully by placement alone, we would ex- 
